Abstract. The role of thermal and non-Gaussian noise on the dynamics of driven short overdamped Josephson junctions is studied. The mean escape time of the junction is investigated considering Gaussian, Cauchy-Lorentz and Lévy-Smirnov probability distributions of the noise signals. In these conditions we find resonant activation and the first evidence of noise enhanced stability in a metastable system in the presence of Lévy noise. For Cauchy-Lorentz noise source, trapping phenomena and power law dependence on the noise intensity are observed.
Introduction
The diffusion in overdamped Josephson junctions (JJs) is one of the most important examples of the wider nonequilibrium statistical problem of overdamped Brownian motion in tilted or randomly switching periodic potentials [1] [2] [3] [4] . Moreover, JJs present a wide range of applications. In particular, in recent years, the JJs have been used to implement both superconducting quantum bits [5] [6] [7] [8] and nanoscale superconducting quantum interference devices for detecting weak magnetic flux changes [9] . Josephson junctions, in fact, represent good candidates to realize solid state superconducting quantum bits (qubits) for quantum information processing. For this reason, JJs have been studied at very low temperature in devices making use of charge [10] , flux [11] and phase qubits [12] . Moreover, JJs are widely used for their high sensitivity to magnetic flux changes [9] .
The environment affects strongly the behavior of JJs, working both at high and low temperatures. In high temperature superconductors (HTSs) the presence of low frequency noise, whose intensity is related to the fluctuations in the bias current, temperature and magnetic field, was experimentally found [13] . In the low temperature superconductive devices it is also very difficult to avoid the influence of environment, that constitutes mainly a decoherence source for the system. In fact, a weak current noise can affect the coherence time in Josephson vortex qubits [6, 14] .
In this framework the study of transient dynamics of Josephson junctions in the presence of noise sources is a e-mail: valentid@gip.dft.unipa.it b http://gip.dft.unipa.it very interesting for the understanding of the interaction between these systems and the environment. In particular, the effects of noise strongly influence the current-voltage characteristic of Josephson junctions [15] [16] [17] [18] .
Recent experimental works led to the realization of overdamped Josephson junctions with non-hysteretic current voltage characteristics and high temperature stability [19] [20] [21] [22] [23] [24] . These devices, realized with the possibility of tuning the internal damping with temperature, can be good candidates to measure the escape time from the metastable state, i.e. the initial superconductive state of the overdamped Josephson junction. We note that the ultrafast rapid single-flux-quantum (RSFQ) digital circuits are based on a reproduction of quantum pulses due to spasmodic changing by 2π of the phase difference of damped Josephson junctions. The major restriction in the development of RSFQ logic circuits is given by the influence of the fluctuations [25] [26] [27] [28] [29] [30] [31] [32] [33] , which are the main source of error when an RSFQ circuit operates at high speed. In fact, the time interval between input and output pulses of the Josephson juctions that compose the RSFQ circuit is directly connected with the average escape time from the superconductive state and depends on the noise intensity. Therefore it is important to investigate the influence of fluctuations on temporal characteristics of overdamped Josephson junctions. Finally, we note that our model could be considered as an approximation to study the dynamics in moderately damped Josephson junctions, where crossover temperature and plasma frequency, whose values are important for determining dynamical regimes, can be defined [34, 35] .
Moreover, noise induced effects due to thermal fluctuations, such as resonant activation (RA) and noise enhanced stability (NES), have been theoretically predicted in overdamped JJs [32, 33] and, recently, experimentally revealed in underdamped JJs [36] [37] [38] . Specifically, in reference [37] the contemporaneous presence of RA and NES in underdamped JJs has been observed, finding that the average escape times can be enhanced or lowered by using different initial conditions. In reference [38] , a minimum and a maximum of the average escape time as a function of the characteristic time of the temperature fluctuations have been observed. In other words, RA together with an enhancement of the life time of the metastable state can be caused not only by the oscillating barrier of the potential profile but also by the oscillating temperature.
The presence of non-Gaussian noise signals has been found experimentally in many systems. The α-stable distributions are a very useful tool for modeling nonGaussian noise sources. A recent example of a system with non-Gaussian environmental interaction, where the noise is well modeled by an α-stable distribution, is a wireless ad hoc network with a Poisson field of co-channel users [39] . Other interesting examples are constituted by not fully thermalized systems or, in general, systems driven away from thermal equilibrium. These can manifest physical properties related to non-Gaussian noise signals, such as large energy fluctuations with heavy-tailed probability distributions. Non-equilibrated heat reservoir can be thus considered as a source of non-Gaussian noises [40] [41] [42] . Recently, the dynamics of a JJ in the presence of non-Gaussian noise has been analyzed. The effect of non-thermal noise on the average escape time from the metastable state (superconducting state) of a currentbiased JJ, coupled with non equilibrium current fluctuations, was experimentally investigated [43, 44] .
The relevance of the Lévy distributions appeared in many physical, natural and social complex systems. The Lévy-type statistics, in fact, is observed in various scientific areas, where scale-invariance phenomena take place or can be suspected [45] [46] [47] [48] (for a recent review on Lévy-flights see Ref. [49] and references there). The large amount of experimental observations of Lévy noise sources in different physical, biological and complex systems determined an increasing interest in the role of non-Gaussian noise in other research fields, such as the transient dynamics of Josephson junctions. In particular, the role of the Lévy noise in the motion of an overdamped particle in a periodic potential has recently attracted great attention [50] [51] [52] . Moreover, Lévy flights in periodic potentials have been investigated in references [53, 54] .
The aim of this research work is to study the effects of Gaussian and non-Gaussian noise sources on the transient dynamics of point overdamped Josephson junctions. The noise simulates both the interaction of the system with the environment and the application of an external randomly fluctuating source on the system. The latter circumstance is motivated by the possibility to profit by the effects of the noise sources. We study the effects of thermal and nonthermal noise sources on the escape time of the junctions, investigating the mean lifetime of the metastable state, i.e. the superconducting state, in the presence of a periodical driving force. In this physical context, we observe resonant activation and the first evidence of noise enhanced stability in the presence of Lévy noise. A trapping phenomenon in the case of Cauchy-Lorentz noise is observed. A similar phenomenon was found in underdamped limit in reference [55] .
The paper is organized as follows. In the next section the Lévy noise properties are summarized. In Section 3 the transient dynamics of short JJs is analyzed. Finally, in Section 4 we draw the conclusions.
Lévy noise
The investigation of the effects of non-Gaussian noise has been performed using α-stable distributions as a model to generate non-Gaussian random signals [56] . Lévy processes are characterized by stationary independent increments [57, 58] , which means that {L(t), t ≥ 0} is a Lévy process if, for every t, τ ≥ 0, the increment
is independent of the process {L(t ), 0 ≤ t < t} and follows the same law as L(τ ). In particular, L(0) = 0. The random variable L(t) can be divided into the sum of an arbitrary number of independent and identically distributed random variables, as it follows from the decomposition [49] 
That is, the probability distribution of L(t) belongs to the class of infinitely divisible distributions (i.d.d.) [59] [60] [61] [62] [63] [64] . Its second characteristics, i.e. the logarithm of characteristic function of the random variable L(t) in the Lévy-Khinchine form [64] , is
where ρ(x, t) is the canonical measure density (with respect to the first argument) [49] . A subclass of i.d.d. is that of the stable distributions. The most general expression for the characteristic function of the random stable process [64, 65] is
where sgn(k) is the sign function with
Such distributions form a four-parameter family of continuous probability distributions with two shape parameters α and β, a scale parameter σ and a real number μ. Specifically, α (0 < α ≤ 2) is the index of stability 
or characteristic exponent and indicates the asymptotic behaviour of the distribution (long-tail power law for α strictly less than 2), β (∈[−1, 1]) is an asymmetry parameter, σ is any positive real number which provides for α = 2 a measure of the width of the distribution, μ is any real number [65] indicating, for α > 1 and β = 0, the median of the distribution. Considering Lévy distributed noise sources, σ α is the noise intensity. Probability distributions for different values of α and β are shown in Figure 1 [65, 66] . We note that for β = 0, a Lévy symmetric α-stable distribution is obtained. By considering, for μ = 0, β = 0 and σ = 1, the series expansion valid for large arguments |x| 0 [67] , we obtain for large values of x the following asymptotic expression characterized by a power law behaviour [65] 
which is deeply connected with the divergence of all moments x n for n ≥ 2 and α < 2. An α-stable (or Lévy) distribution is denoted by S α (σ, β, μ). When μ = 0 and σ = 1 the distribution is named standard [56] . The Gaussian, Cauchy-Lorentz and Lévy-Smirnov distributions are stable, and their probability density functions are analytically known. In Table 1 the values of the characteristic parameters of these three stable distributions (shown in Fig. 1 ) are given. In comparison with the Gaussian case, Cauchy-Lorentz distribution is narrower in the central part, while at the extremities it goes to zero with less steepness than the Gaussian case (fat tails). The Lévy-Smirnov distribution is shown for β = −1, 1. The case for β = −1 corresponds to a curve reflected with respect to the y-axis. The Lévy-Smirnov distribution presents a heavy tail going to zero, with a steepness lower than both the Gaussian and Cauchy-Lorentz case.
In Figures 2a, 2b the one-and two-dimensional trajectories of a particle subjected to Gaussian, CauchyLorentz and Lévy-Smirnov noise signals are shown. The trajectories are obtained considering the position of the particle subjected to a noise signal with intensity given by σ α = 2γ. Throughout the present work, different algorithms are used to simulate the Gaussian and nonGaussian Lévy noise sources [56, 66] . In particular the time step is (Δt)
1/α , with α = 2 for Gaussian distribution and 0 < α < 2 for non-Gaussian Lévy distributions. The one-dimensional trajectory, drawn in Figure 2a and corresponding to the noise signal with Cauchy-Lorentz distribution, presents jumps followed by displacement in space with amplitude smaller than the Gaussian case. The presence of jumps is related to the heavy tails of the distribution (see Fig. 1 ): the probability to get high values of the random variable x is greater than in the Gaussian case. Moreover, the probability to get smaller values is less than the Gaussian case and this is evident by the comparison of the central part of the Cauchy-Lorentz and Gaussian distributions (see Fig. 1 ). This behavior explains the limited space displacement of the trajectory corresponding to the Cauchy-Lorentz distribution for relatively low noise intensities at short times. The one-dimensional trajectory corresponding to the Lévy-Smirnov distribution shows a diffusion governed by very intense jumps. This behavior is due to the heavier tail of the Lévy-Smirnov distribution. In fact, the probability to get very high values of the random variable is greater than the Gaussian and CauchyLorentz cases. The two-dimensional trajectories provide a comparison between the different diffusion properties of the particle subjected to the three noise signals at short times. In particular, in Figure 2b it is worth noting that the trajectory corresponding to the Cauchy-Lorentz distribution diffuses in space less than the Gaussian one, while the jumps of the trajectory corresponding to the Lévy-Smirnov distribution provide a very intense spatial diffusion of the particle.
Short Josephson junctions

Model
The theoretical description of the dynamics of an overdamped Josephson junction is based on the resistively shunted junction (RSJ) model [68, 69] , in which a fictitious Brownian particle is moving in a washboard potential [70, 71] . The position of this fictitious particle represents the phase difference ϕ between the superconducting wave functions on each side of the junction [68, 69] .
Non-thermal noise sources could be also present in the system or could be applied externally to it. Therefore, the theoretical investigation of the escape from the metastable state in a JJ, out of its zero voltage state and driven by (Color online) (a) One-dimensional trajectories of the free diffusion of a particle subjected to noise signals with Gaussian, Cauchy-Lorentz and Lévy-Smirnov distributions; (b) two-dimensional trajectories of the free diffusion of a particle subjected to noise signals with Gaussian, Cauchy-Lorentz and Lévy-Smirnov distributions. In both panels, the noise intensity is σ α = 2γ, with γ = 0.04.
thermal as well as non-Gaussian noise, will be performed by considering the following Langevin equation for the phase dynamics
where i T N (t) and i nG (t) are a Gaussian thermal noise and a non-Gaussian noise source, respectively. The current i nG (t) is a white Lévy noise such that the time integral over an increment Δt, L(Δt) = t+Δt t ξ α (τ )dτ , is a Lévy process with characteristic function given by [50, 72, 73] 
where the parameter μ is equal to zero, Φ is given by equation (4), α is the Lévy index and σ α is the noise intensity. The expression of the dimensionless phase potential is
where
with i 0 = i b /i c the constant dimensionless bias current, A sin ωt the driving current with dimensionless amplitude A = i s /i c and frequency ω (i b and i s represent the bias current and the driving current amplitude respectively). In the following, the times and frequency will be normalized to the inverse of the characteristic frequency 1/ω c and to the characteristic frequency ω c of the JJ, respectively (ω c = 2eR N I c / , i c is the critical current, R −1 N = G N is the normal conductivity of the JJ, e is the electron charge and = h/2π, with h the Planck constant). The thermal fluctuations have the usual statistical properties The arrows indicate the potential minimum corresponding to the initial condition for the fictitious particle (ϕ0 = arcsin i0), and the potential maximum corresponding to the threshold position of the particle (ϕ th = π − arcsin i0).
where γ = 2ekT ic is the dimensionless intensity of fluctuations, T is the temperature and k is the Boltzmann constant.
In Figure 3 the periodic potential profile, subjected to an oscillating driving current, is shown at three different times of the period of oscillation T 0 . The dynamics of the system is studied considering as initial position of the particle the zero-voltage superconductive state, corresponding to one of the minima of the potential profile (ϕ 0 = arcsin i 0 in Fig. 3 , with i 0 the dimensionless bias current (see Eq. 10)). When the particle is moving along the potential, the junction switches to the resistive state and a voltage develops.
The maximum, indicated in Figure 3 at ϕ th = (π − arcsin i 0 ), is chosen as the threshold phase value for the escape event. When the particle reaches the threshold, namely when its phase is equal or greater than ϕ th , the phase difference varies in time and the junction switches to the resistive state.
The transition from the superconductive state to the resistive state is induced on the junction by the application of a polarizing current exceeding the critical current value i c . In the deterministic regime, at low driving frequency, the particle reaches the threshold approximately after one quarter of the period of oscillation and the escape time is t escape ≈ T 0 /4. This no longer occurs in the presence of noise, when the particle moves randomly along the curve. Because of the interactions with the environment, the superconductive state becomes a metastable state for the system and the transition can occur even if the polarization current is less than the critical current value. In this case, the phase difference ϕ can escape from the metastable state by macroscopic quantum tunneling through the potential barrier [74] or by thermal activation (TA) over the potential barrier [75] , depending on the value of the temperature T with respect to the cross-over temperature defined as T co = ω p /2πk. Here ω p is the plasma frequency, which characterizes the oscillations of the phase difference around the local minimum of the potential and k is the Boltzman constant [44] . The cross-over temperature is the temperature below which the phase difference over the junction behaves quantum mechanically, the escape events occur primarily by quantum tunneling trough the barrier, and the thermal fluctuations can be neglected. For temperatures greater than T co the viceversa happens. In other words we have quantum tunneling regime for T < T co and thermal activation regime for T > T co .
The Langevin equation (6) has been integrated by using the Euler method and the α-stable distributions of the noise signals have been numerically simulated using the Chambers-Mallows-Stuck method [56] . The time spent by the particle to reach ϕ th , starting from ϕ 0 , under the influence of the fluctuating potential and the noise signal is the first passage time and constitutes the lifetime of the superconductive metastable state. Up to 50 000 simulations of the particle trajectory have been performed to collect the corresponding first passage times. The average of these times is the mean escape time (MET) of the junction. The dimensionless bias current i 0 of the driving signal was kept under the critical current value (i b < i c ), while the values of the amplitude A (Eq. (10)) have been chosen such as the particle is, during the oscillation of the driving current, in the superconductive (i(t) < i c ) and in the resistive state (i(t) > i c ), alternatively.
Simultaneous action of non-Gaussian and thermal noise
To study the simultaneous influence of thermal and non-Gaussian noise on the dynamics of a point JJ we consider in equation (6) MET as a function of the driving signal frequency and the intensity of the Cauchy-Lorentz noise is shown. The curve of Figure 4 corresponding to γ T N = 0.0 shows a nonmonotonic behavior with a minimum, that is the signature of the RA phenomenon [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] . The resonant activation effect is a robust enough phenomenon to be observed also in the presence of Lévy noise sources. By increasing the thermal noise intensity γ T N , the non-monotonic behavior of the MET as a function of the frequency is modified. This modification becomes evident for γ T N ≥ 0.2. While the position of the minimum is slightly affected by the presence of the thermal noise signal, the METs for low and high frequency values decrease. For very high frequency values, that is for very fast fluctuations of the potential profile, the mean escape time is equal to the crossing time over the average barrier "seen" by the Brownian particle [76] [77] [78] . The average barrier coincides with that obtained with the potential profile at t = 0 (see Fig. 3 ) and whose height is ΔU = U (ϕ th − U (ϕ 0 )) 2.1. By using the Kramers formula for the average escape time [75] , we obtain a lower MET by increasing the thermal noise intensity. For very low frequencies, that is for very slow fluctuations of the potential barrier, the average escape time is equal to the average of the crossing times in the highest and lowest configurations of the barrier, and the slowest process determines the value of the average escape time [76] [77] [78] . Again, an increase of the thermal noise intensity produces a decreasing of MET. By further increasing γ T N , the typical RA behavior of MET vs. ω disappears because the thermal noise intensity becomes comparable with the height of the potential barrier γ T N ΔU (ϕ) 2.
The curves of Figure 5 show a non-monotonic behavior with a maximum that reveals the presence of NES effect [86] [87] [88] [89] , which is the first observation of this effect with Lévy noise. In the absence of thermal noise (γ T N = 0 in Fig. 5 ), the behavior of the MET as a function of the noise intensity is non-monotonic with a maximum in correspondence of γ Fig. 5 ), the thermal effects are more effective than those due to the Cauchy noise and the non-monotonic behavior is modified. The maximum of the curve decreases and it is shifted in correspondence of Cauchy noise intensities of the same order of magnitude of the thermal noise intensities. The simultaneous presence of two noise sources produces an increase of the overall noise intensity "felt" by the system. Therefore, all the MET values are lowered (see the curves for γ T N = 1.0, 10.0 in Fig. 5 ). Moreover the maximum is shifted, because of the larger region of the potential profile spanned by the fictitious particle before reaching the threshold (see Figs. 3 and 5) . Then, for intensities of the Cauchy noise exceeding those of the thermal noise, the curves follow the behavior obtained in the absence of thermal noise. Moreover all the curves of MET coalesce together at higher noise intensities, when the structure of the potential profile becomes irrelevant for the dynamics of the particle. The MET has a power-law dependence on the noise intensity [49] . The simultaneous presence of thermal and Cauchy noise sources in a point JJ produces different effects on the noise induced phenomena considered. At high thermal noise intensities RA disappears and the MET becomes independent on the frequency, while NES phenomenon still persists.
Effects of non-Gaussian noise
For low temperatures of the system (around the crossover value (T ≈ T co )), we can neglect thermal fluctuations with respect to the non-Gaussian noise sources. Our starting point is now equation (6), with i T N (t) = 0.0 and i nG (t) given by Cauchy-Lorentz, reflected Lévy-Smirnov and Gaussian distributions. The minus sign of i nG (t) in equation (6) indicates that the reflected Lévy-Smirnov distribution has been considered. By this way the Lévy jumps push the particle in the positive ϕ direction. We note that by considering the Lévy-Smirnov distribution with β = 1 (green dashed line in Fig. 1 ), the Brownian particle moves along the potential profile in the opposite direction with respect to the threshold phase (see Fig. 3 ). As a result, the MET becomes very large and diverges in the limit γ → 0, for all values of ω, as found in simulations. The RA phenomenon is observed for all three noise sources in panels a−c of Figure 6 , and only for Gaussian noise in panel d (see also Ref. [32] for this case). For the noise intensities of Figures 6a-6c , the curves corresponding to the Gaussian and Cauchy-Lorentz distributions show similar behavior. Conversely, the MET values corresponding to the Lévy-Smirnov distribution, for all the frequencies and noise intensities investigated, are shorter than in the Gaussian and Cauchy-Lorentz case. This is more evident in the position of the minima of the three different curves. For high noise intensity, γ = 0.5 in Figure 6d , the non-monotonic behavior disappears for non-Gaussian noise sources. The dynamics of the system is noise-driven and the METs are independent on the driving current frequency. The METs for Gaussian and Lévy-Smirnov noise have values shorter than in the low noise intensity case and the escape of the particle becomes faster. In addition the Gaussian case presents METs shorter than the Cauchy-Lorentz case. The one-and two-dimensional trajectories for the three noise sources of Figure 2 provide an explanation of the MET behaviors shown in Figure 6 . The Lévy jumps of Lévy-Smirnov noise push the particle out of the metastable state in a very fast way. The greater is the noise intensity, the faster the escape process. Moreover, in the presence of Cauchy-Lorentz noise, the combination of the driving signal and the limited space displacement of the trajectories has the effect to increase the MET values with respect to the Gaussian case.
In order to check the robustness of the NES effect with respect to the bias current, amplitude and frequency of the driving force, we consider different values of these parameters, obtaining the behavior of the MET as a function of the noise intensity in these new conditions. The results are shown in Figures 7a and 8 . Specifically, in Figure 7a the curves corresponding to the Gaussian and CauchyLorentz distributions show NES effect as in Figure 5 . For very low noise intensity, namely γ < 10 −3 , all the three curves tend to the same MET value. This is the deterministic lifetime of the superconductive state, which is of the same order of magnitude of T 0 /4, with T 0 the period of the oscillating potential barrier. By increasing the noise intensity, the MET of the curve corresponding to the Lévy-Smirnov distribution decreases monotonically, because greater Lévy jumps push the particle very fast out of the superconductive state, making the MET shorter. The Lévy jumps are responsible for the great diffusion power of the Lévy-Smirnov noise source (see curves of Fig. 2 shown, for convenience, also in Fig. 7b ). In the range of noise intensity 10 −3 < γ < 1, the curve corresponding to the Gaussian distribution presents a maximum at γ 0.04. This nonmonotonic behavior is a typical signature of the NES phenomenon [89] , due to a temporary trapping effect. Here, this occurs when the mean escape time of the particle from the metastable state (superconductive state) is close to three quarter of the oscillation period of the driving force. In other words, the mean passage time to reach the maximum of the potential profile at ϕ th , starting from ϕ 0 (see Fig. 3 ), should be almost equal to (3/4)T 0 . In fact, for ω = 0.5 we have (3/4)T 0 = 3π = 9.42 M ET max = 9.31 (see MET curve for Gaussian noise in Fig. 7) . At this time, the potential reaches its maximum reverse slope and the particle is pushed back inside the potential well, undergoing a temporary trapping phenomenon. For higher noise intensities, even in the presence of a reverse slope of the potential profile, the particle escapes from the potential well and the MET decreases till the noise intensity value γ 10 2 . Here, the curve shows a second maximum which indicates the presence of a second weak NES effect. The MET corresponding to the second maximum results shorter than the MET of the first maximum, because of the increased noise intensity. It is also worth noting that, because of the NES effect, the particle undergoes temporary trapping phenomena preventing the escape of the junction from the initial superconductive state, even if the escape event should take place because the current i(t) exceeds the critical value i c during the oscillation. The non-monotonic behavior is also present in the curve corresponding to the Cauchy-Lorentz distribution. The maximum of the curve is shifted towards higher noise intensity values with respect to the Gaussian case. This could be related to the fact that at short times the typical displacement of the Cauchy-Lorentz distribution is characterized by shorter steps (limited space displacement) with respect to the Gaussian case (see Fig. 2 ). These short times are of the same order of magnitude of the MET of the JJ analyzed. The comparison of the one-dimensional free diffusion trajectories of a particle under the influence of Gaussian and Cauchy-Lorentz noise (Fig. 7b) , in correspondence of low noise intensity, namely γ = 0.04, provides an useful hint to explain this behavior. In Figure 7a , while at γ = 0.04 the curve corresponding to the Gaussian noise reaches the maximum, that corresponding to the Cauchy-Lorentz noise continues to grow, and the mean lifetime of the metastable state increases with the noise intensity. From Figures 7b it is evident that, even if at t = 5 the trajectory corresponding to the Cauchy-Lorentz noise presents a jump, during the following time interval, the particle displacement is smaller than that of the Gaussian noise case. This means that at short times the particle fluctuates randomly in the potential well with an amplitude smaller than in the Gaussian case. As a consequence, the temporary trapping phenomenon is prolonged and the MET continues to grow, reaching its maximum value at a higher value of the noise intensity. For higher noise intensities the oscillation of the potential profile is no longer able to trap the particle and the MET decreases. Finally the MET vs. γ is analyzed in the high and low frequency regime. By increasing the driving frequency, a trapping phenomenon occurs at ω = 1. A threshold frequency ω th exists, in fact, which does not allow the fictitious particle to move from the potential well to the next valley during one period T 0 of the driving signal. This means that for driving frequency ω > ω th , the particle is trapped within a length equal to the distance between two successive minima of the potential profile. As a consequence, the MET diverges in the limit γ → 0. The value of the threshold frequency increases with increasing bias current and/or maximal current across the junction [33, 87, 88] . For the parameter values here considered (i 0 = 0.5 and A = 0.7) the threshold frequency is ω th = 0.24 [33] . This behavior is shown in Figure 8a for all the noise sources investigated. Specifically, for the Gaussian noise case the first maximum in the curve of Figure 7a disappears because the dynamics of the system is dominated by the very fast oscillation of the potential. We note that a minimum of MET is present for a noise intensity value of the same order of the barrier height (ΔU (ϕ) 2.1 and γ min ≈ 3) [33, 89] . The second maximum, appearing for ω = 0.5 (Fig. 7a) , persists in correspondence of γ 10 2 . For Lévy-Smirnov noise, the MET curve decreases monotonically for higher noise intensities. Because of the intense Lévy jumps, the fictitious particle "does not see" the fine structure of the potential profile. The differences between the diffusion due to a Gaussian noise source and that caused by a Cauchy-Lorentz noise source are also present in this case, in the range of noise intensities 1 < γ < 30. Because of the limited space displacement of the Cauchy-Lorentz noise source at short times, a slightly nonmonotonic behavior persists (very weak NES effect) with a shift, as observed at ω = 0.5 (see Fig. 7a ).
The behavior of the MET in the low frequency regime (ω = 0.1) is shown in Figure 8b . Here the amplitude of the periodic driving is A = 1.0. For low noise intensities, γ < 10 −2 , all the curves tend to the deterministic lifetime of the superconductive state, which is of the same order of magnitude of T 0 /4. The MET curve for the Lévy-Smirnov noise decreases monotonically with noise intensity as in Figure 7a . For 10 −1 < γ < 1 the Gaussian noise signal pushes the particle out of the potential well during the first quarter of the oscillation period and the MET is lower than T 0 /4. There is no possibility to have a temporary trapping of the particle, as observed with ω = 0.5 in Figure 7a , because of the slow oscillation of the potential that permits the particle to escape before the reversing of the potential slope. Therefore, the first maximum found in Figure 7a in correspondence of γ 0.04 disappears. Then, for increasing noise intensity the curve shows the second maximum at γ 10 2 , as observed for ω = 0.5 in Figure 7a .
The curve corresponding to the Cauchy-Lorentz distribution shows NES effect with the same maximum at γ 1 observed at higher frequency ω = 0.5 (Fig. 7a) . The limited diffusion due to the Cauchy-Lorentz noise allows the temporary trapping phenomenon of the particle inside the potential well, even at the very low frequency ω = 0.1.
Conclusions
We presented a study on the transient dynamics of an overdamped point Josephson junction in the framework of the RSJ model. We investigated the effects of Gaussian and non-Gaussian noise sources on the mean lifetime of the superconductive metastable state, by numerically solving equation (6) . The resonant activation and noise enhanced stability are robust enough phenomena to be observed also in the presence of Lévy noise sources. In this paper we report on the first observation of NES effect in a metastable system with Lévy noise. For temperature greater than the cross-over value, the simultaneous presence of thermal and Cauchy noise sources in a point JJ affects differently the noise induced effects considered. At high thermal noise intensities RA disappears, while NES phenomenon still persists. Moreover, for high intensities of Cauchy-Lorentz noise, the behavior of MET vs. γ shows a power-law dependence.
For low temperatures of the system, by neglecting thermal fluctuations, the effects of non-Gaussian noise sources on the transient dynamics of a point JJ has been analyzed. The presence of non-Gaussian noise can speed up the escape of the particle from the metastable state decreasing the MET of the junction, as observed for Lévy-Smirnov noise in the RA phenomenon. The limited diffusion of the trajectories of the Cauchy-Lorentz noise, at short times, produces MET values higher than those obtained with Gaussian noise. By a suitable choice of the parameter values that characterize the system, such as bias current, amplitude and frequency of the periodic driving signal, temporary and permanent trapping phenomena can be observed. This produces an increase of the mean lifetime of the metastable state and therefore of the MET. The knowledge of the effects of different non-Gaussian noise sources on the dynamics of a Josephson junction is useful to better understand and control the response of superconductive devices based on the Josephson junction. In particular, the results of our numerical investigation can provide useful information before the realization of experimental setups which are, sometimes, very expensive.
